Research on the utilization of natural rubber for Hot Mixture Asphalt (HMA) as modifier has been widely carried out, and more intensively since 2016 due to the declining global natural rubber price. Further research conducted is the utilization of pre-vulcanized concentrated rubber latex and rubber compound added with antioxidants and treated through vulcanization process. This study experimentally evaluates the performance of Asphalt Concrete Wearing Course (ACWC) using natural rubber and synthetic polymer as modifier, compared to ACWC without modifier (only petroleum asphalt). The results show that the rubberized asphalt has higher index penetration value as well as higher elasticity compared to petroleum asphalt penetration grade 60, but lower than synthetic polymer modified asphalt. Similarly, the level of performance of rubberized asphalt mixtures, particularly resilient modulus, water resistance, deformation, and fatigue cracking, is between that of petroleum asphalt and synthetic polymer modified asphalt.
Introduction
Latex is a term used to refer to the sap from rubber tree. Natural latex is obtained from Hevea Brasiliensis plant, then processed and traded as industrial material in the form of rubber smoked sheet (RSS), concentrated latex, crumb rubber, and others. Indonesia is the second largest natural rubber producers after Thailand. Indonesia's natural rubber production is currently 3.2 million tons with the plantation area of 3.6 million hectares. The production of natural rubber in Indonesia is dominated by crumb rubber products, around 97%, 2.5% rubber sheet, 0.25% concentrated rubber latex, and others 0.25% [1] . The use of rubber as an additive material for asphalt as an attempt to improve the asphalt elasticity, resistance to high temperature, and durability, has been known since a long time ago. Natural rubber latex has been scientifically proven can be used as a modifier for asphalt [2] . In addition, it is more efficient in terms of processing costs, usage levels, storage preparation, and stability, compared to the use of natural rubber powder or waste/scrap tires [2] . According to Tuntiworawit et al. [3] , once asphalt is mixed with latex at high temperature, the rubber particles will expand and absorb the light oil in asphalt.
The addition of latex makes the asphalt become more viscous and elastic. The use of rubberized asphalt as a binder on asphalt mixture will result in thicker bitumen films, thus it will increase the adhesiveness between the aggregates and the asphalt. At low temperature, the asphalt mixture is susceptible to crack due to stress, adding latex as a modifier, therefore will increase elasticity and viscosity which makes it not easily cracked. Whilst at high temperature, latex will perform as membranes that resist asphalting melting and increasing shear strength [4] . Mixing latex with asphalt has a problem of frothing and foaming because latex contains water, due to high temperature of heating during the mixing process with asphalt, Vichitcholchai et al. [5] conducted a study using Rubber Smoked Sheet (RSS) to prevent frothing and foaming. The results obtained showed an increase in physical properties of asphalt such as, low penetration value, high softening point, high penetration index, high torsional recovery, and high toughness, which the most effective proportion of RSS is 6% of the asphalt mass. Another alternative is using Liquid Natural Rubber (LNR) which results in more homogeneous mixture, makes it easier to blend with asphalt as frothing and foaming problems due to water evaporation that can be distracted by the elimination at fall temperatures [6] . Another form of raw rubber, for instance cup lump rubber, has met requirements to be used as an additive to the conventional road materials. Cup lump is freshly coagulated rubber where the coagulation process takes place in a cup attached in a tree. It is seen as a new alternative for long term solution to increase domestic consumption of natural rubber through its application with asphalt materials [7] . As an attempt to increase domestic natural rubber price, Indonesia has been undertaking research and developed on utilizing latex natural rubber that has been through the vulcanization process, as well as utilizing crumb rubber by making compound which is a mixture of crumb rubber with sulfur, antioxidants, and with/without asphalt. There are several advantages of using processed natural rubber, for instance good storage stability, more resistant to heat and oxidation, and easier in the process of mixing with asphalt. This study aims to obtain appropriate technology in the use of natural rubber as asphalt modifier.
Experimental Materials and Methods
This research uses an experimental method by conducting laboratory test. Four types of asphalt and asphalt modified are used, such as; (i) petroleum asphalt penetration grade of 60 (pen 60), (ii) asphalt pen 60 plus prevulcanized concentrated latex, (iii) asphalt pen 60 plus rubber compound, and (iv) asphalt pen 60 plus synthetic polymers. HMA mixtures of Asphalt Concrete Wearing Course (ACWC) are developed by using the four types of asphalts, and then their performances are compared. The research stages include literature study, material characteristic testing, mixing design (Marshall), ACWCmix performance testing including resilient modulus testing, resistance to flow/deformation testing, and resistance to fatigue crack testing. Design for the asphalt mixture uses the Marshall method refers to AASHTO T 245 [8] , and the moisture susceptibility is performed by Indirect Tensile Strength Ratio (ITSR) in accordance to ASSHTO T283-89 [9] . The resilient modulus testing in the laboratory refers to ASTM D7369-11 [10] . For laboratory testing for deformation resistance, Wheel Tracking Machine (WTM) is used, and the test method refers to Japan Road Association 1980 [11] . While for the resistance to fatigue crack testing, fatigue testing machine testing namely Beam Fatigue (BFA) is used in accordance to AASHTO T 321-14 [12] .
Sample Preparation
Aggregates and Petroleum Asphalt Penetration Grade 60
The aggregate used comes from West Java areas, and the petroleum asphalt have penetration grade 60 and produced by PT. Pertamina. The aggregate, aggregate combined gradation, and asphalt used must meet the requirement for Asphalt Concrete Wearing Course (ACWC) according to SNI 8198: 2015 [13] .
Rubberized Asphalt with Concentrated Latex
Natural latex is processed by centrifuging into concentrated latex containing 60% dry rubber by mass with low ammonia content. The concentrated latex is then vulcanized by adding sulfur through heating process to gain strong and durable rubber. Antioxidant is also added to reduce the effect of oxidation on rubber. Rubberized asphalt is prepared by mixing asphalt pen 60 with pre-vulcanized concentrated latex, its dosage is 7% of the asphalt mass. This dosage is chosen based on trials at the Institute of Road Engineering in simultaneous research. The mixing process is carried out by stirring slowly for 4 hours at 150 o C, therefore the water content evaporates and develops homogeneous and ready-to-use pre-mixture rubberized asphalt. The pre-mixture asphalt rubber with pre-vulcanized concentrated latex as modifier is called as rubberized asphalt L.
Rubberized Asphalt with Rubber Compound
Natural latex is processed by agglomerating into solid rubber, refers to quality class of Technical Specified Rubber (TSR) or in Indonesia known as quality class of Standard Indonesian Rubber (SIR). This study uses SIR 20 solid natural rubber. The solid natural rubber is used as the base material of rubber compound, and processed by adding sulfur (vulcanization) as well as activator, accelerator, softener, and antioxidant. The activator and accelerating materials are added to the vulcanization system to accelerate the vulcanization process. The softener is a chemical which added to the raw rubber during the process of preparing the rubber compound, in order to soften the rubber and ease the mixing of rubber chemicals. Antioxidants are added in the making of compounds to protect the rubber before and after the vulcanization from aging or oxidation, heat, sunlight (ozone), and mechanical effects. Natural rubber has natural antioxidant material, however, because of its low content it is unable to protect the rubber through the oxidation process. If the antioxidant material is not added on the rubber, the rubber will easily be sticky and soft then become hard and cracked or fragile. The next step is mixing rubber compound with petroleum asphalt pen 60, its dosage is 7% of the asphalt mass. The mixing process uses a colloid mill to get homogeneous and ready-to-use pre-mixture rubberized asphalt. This pre-mixture rubberized asphalt with rubber compound as modifier is called as rubberized asphalt C.
Modified Asphalt with Synthetics Polymer
Asphalt pen 60 is mixed with synthetic polymers namely Styrene Butadiene Styrene (SBS) in bitumen plant using a colloid mill mixer. SBS content in Polymer Modified Bitumen (PMB) asphalt is about 4.5% by mass (the dosage is chosen to reach a minimum softening point of 54 o C). The pre-mixture synthetic polymers modified asphalt is called as PMB. 
Analysis and Discussion of Results

Asphalt Characteristics
Characteristics of four kinds of bitumen, i.e. petroleum asphalt pen 60, petroleum asphalt modified by 7% by mass of pre-vulcanized latex (rubberized asphalt L), petroleum asphalt modified by 7% by weight of natural rubber compound (rubberized asphalt C), and petroleum asphalt modified by 4.5% styrene butadiene styrene (referred to as PMB), as listed in Table 1 .
The temperature susceptibility is described as the change of primary or routine rheological properties of asphalt with temperature. Pleiffer and Van Dormaal [14] defined the temperature susceptibility of asphalt as the Penetration Index (PI), the value of PI ranges from -3 for highly temperature susceptible asphalt to about +7 for highly blown low temperature susceptible asphalt. The equation is: Based on the data in Table 1 and the implementation of the Equation (1), the results show that the Penetration Index (PI) of Pen 60 is -0.99, rubberized asphalt L is -0.16, rubberized asphalt C is -0.05 and PMB is +0.41. The results show that the rubberized asphalt has less sensitivity to temperature than the petroleum asphalt pen 60 but still under PMB. Rubberized asphalt uses rubber compound is slightly better than pre-vulcanized concentrated latex, it is because the process of making the rubberized asphalt rubber compound needs more repetitive heating than rubberized asphalt concentrated latex. The heating process applied in each step results in light oil (maltene) evaporation therefore rubberized asphalt becomes tougher (low penetration). Rubberized asphalt increases the elasticity of the asphalt as shown in the elastic recovery value that becomes greater. The elasticity of rubberized asphalt with pre-vulcanized latex is better than the rubberized asphalt compound. It is caused by the different process of production, where pre-vulcanized latex is heated only at the time of vulcanization process, while the rubberized asphalt compound is heated again during the early mixing with asphalt.
Aggregates Characteristics
Several tests have been conducted to determine the aggregate characteristics used, the results are shown in Table 2 . The combination aggregates gradation follows the middle value of the gradation envelope for asphalt concrete wearing course (ACWC) according to the requirements listed in SNI 8198:2015 [13] 
Mixture Characteristics
Marshall testing is conducted for Asphalt Concrete Wearing Course (ACWC) mixture. In the process of making a mix design, the Marshall Test sample is made in 5 variations in asphalt content, namely 5.0%, 5.5%, 6.0%, 6.5%, and 7.0%. Then the optimum asphalt content was chosen which fulfilled all the Marshall criteria according to SNI 8198:2015 [13] . The comparison of the results of Marshall Test on optimum asphalt content is shown in Table 3 .
The optimum asphalt content and volumetric characteristics of ACWC asphalt mixture obtained from the design are relatively similar. However, the result of stability test of mixture using rubberized asphalt tends to be higher than that of hot mix asphalt with asphalt pen 60. The asphalt mixture with PMB asphalt has the highest value of stability.
The sensitivity of asphalt mixture to the effect of moisture can be seen from the value of Indirect Tensile Strength Ratio (ITSR) or from Marshall Retained Stability. According to the data listed in Table 3 , the rubberized asphalt can increase the resistance to moisture effect compared to conventional asphalt mixture with petroleum asphalt pen 60. The increasing resistance to water proves that natural rubber can improve the adhesiveness of asphalt and aggregate.
Resilient Modulus
Most asphalt mixtures for road are not elastic because of the permanent deformation in each loading repetition. However, if the load is relatively small compared to the material strength and the high repeating loading, is so that the deformation occurring at each repetition of loading is nearly completely recoverable and proportional to the loading, therefore the material is considered to be an elastic material [15] . Resilient modulus testing is conducted by direct tensile test. The main factors that need to be considered in the resilient modulus testing for asphalt mixture are temperature and loading frequency [16] . These two factors have great influence on the resilient modulus value. The resilient modulus testing was carried out with a frequency of 0.33 Hz (pulse repetition period 3000 ms), as well as with temperature variations of 25, 35 and 45 °C. The peak load used is 1500 N. Testing Figure 2 are the average of the two duplo samples. As expected, in the same test sample, resilient modulus testing result at temperature of 45 °C has a lower value compared to the testing at temperature of 25 °C and 35 °C as seen in Figure 2 . Figure 2 shows that the testing at temperature of 25° C for the ACWC asphalt mixture with the petroleum asphalt pen 60 and the rubberized asphalt have relatively similar resilient modulus value. Differences in the results can be seen from the testing at higher temperatures, at 35 °C and 45 °C, where the resilient modulus value of rubberized asphalt is higher than that of petroleum asphalt pen 60. These results prove that rubberized asphalt has higher strength and less sensitive to temperature changes compared to petroleum asphalt pen 60. Based on resilient modulus value, the performance of ACWC mixture with the addition synthetic polymers modified asphalt (PMB) gives the best results.
Permanent Deformation Resistance
According to NCHRP [17] , permanent deformation or rutting is the surface decline in wheel traces due to the plastic deformation on any or all pavement and subgrade layers. The plastic deformation is generally caused by: (1) densification or compression of one dimension or consolidation, (2) lateral movement or plastic flow of the pavement layer (asphalt mixture, base aggregate/sub base and base). The mixture resistance testing for permanent deformation (rutting) is carried out by using Wheel Tracking Machine (WTM) tool at 45°C with load of 6.4 kg/cm 2 (heavy load) for 60 minutes. The deformation test results describe the performance of mixture resistance to the rutting. The wheel tracking tests result for asphalt mixture is presented in Table 4 .
According to the data in Table 4 , the resistance to permanent deformation (indicated by the dynamic stability values) increased when the rubberized asphalt is used, compared to petroleum asphalt pen 60. The best performance is shown by the ACWC mixture with the addition synthetic polymers modified asphalt (PMB).
Fatigue Cracks Resistance
Fatigue is a phenomenon of the emerging of cracks due to repetitive loads caused by repetition of stresses or strains whose limits are still below the material strength limits [18] . Fatigue crack testing is performed to gain the relationship between stress and strain with fatigue life. Fatigue crack testing can be carried out by several methods and using various shapes and sizes of specimens. The mixture resistance testing to fatigue crack conducted at temperature of 20ºC. The specimen is compacted by using Wheel Tracking compactor, its thickness adjusted for fatigue crack testing purposes. A specimen of a 6x5x48 cm 3 block is given a repetitive load with a fixed strain, until the block collapsed which is defined when the modulus has reached 50% of its initial modulus. The test results as seen in Figure 3 .
Figure 3. Resistance to Fatigue Cracks Charts
Based on Figure 3 it can be seen that the graph of ACWC with PMB, gives the most number of cycles (repetition) at strain of 200 µs, that mean PMB has the highest resistance to ACWC mixture fatigue, followed by latex rubberized asphalt, compound rubberized asphalt, and last asphalt pen 60.
Field Trials
In order to see the ease of implementation in the project scale, a field trial with 2000 meters length, 7 m width, and 4 cm thickness has been conducted for natural rubber pre-vulcanized latex in Bogor West Java, Indonesia. Whilst a field trial for natural rubber compound has been conducted with a length of 500 meters and width of 7 meters and 4 cm thick in Parung West Java, Indonesia. The field trials showed that the process of mixing pre-vulcanized concentrated latex in asphalt requires about 4 hours to gain a homogeneous mixture. While the mixing of rubber compound has a problem in the process of putting it into the asphalt mixer (colloid mill), because the input pipe hole of the colloid mill is relatively small (1 inch), so the rubber compound must be chopped in and put into pipe hole manually. The observation after a 9 month implementation shows that there is no damage on the field trial pavement. The traffic volume on the road segment is approximately 10 -30 million CESA over the design life (10 years).
Conclusion
The results show that the rubberized asphalt, both the pre-vulcanized concentrated latex and the rubber compound can improve the physical characteristics of petroleum asphalt pen 60, for instance decreasing penetration value, increasing the softening point value, and increasing the index penetration value. The rubberized asphalt is less sensitive to temperature changes compared to petroleum asphalt pen 60. The rubberized asphalt is also more elastic which indicated from the greater elastic recovery value. Nevertheless, the improvement of its performance is lower than that of synthetic polymer as bitumen modifier. Meanwhile based on the performance of ACWC mix, ACWC with rubberized asphalt can improve the resilient modulus, resistance of permanent deformation and fatigue cracks compare with the ACWC without modifier, but the improvement is still below the performance of ACWC with PMB. 
